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____________ ABSTRACT The techniques recently developed for fabricatin g , inspecting , assesb ling and D
packag ing ~I1icon-on-LlNb0 , acoustoelectric devices , vuch ~is amp 1i f~tr s , convolve rs and memory
correlators , will be presented . This will ind uce: description uf the lith ogr ap h i~. vnd ion Learn
etching techniques employed In making the spacer postv , dem onstration of the techniques used for ~~
el iminating dust and achieving uniform gaps , inspect ion retn~d~ , and .exer al exarvp les of packages .
E xperience to date indicates tha t the techniques for making gap-coup led structures are re liable , /‘ 

~~~~~~~~~~~
and lend themselves to widespread application.

In a gap— coupled acoustoe lectric device it is The posts a’e ty ;ic-ill y 3.5 ~.rn sq. .vre, lucated on
i mportant that the separation between the semiconductor approx irute ly 2CO ~in centers. Their actua l pos it ions
and the p iezo ilectr ic substrate be uniform over the are randomized in order to avoid coopera ’ive refl ect io :
interact ion l ength , The separation or gap ~s typica ll effects. At rreq ~enc i es ~ ç to 300 ~‘hz , the effec of
500 to 3000 ~~, and must be held cons tant to abo u t 100 ~~ . the posts on t ie propagat ion o~ s urf ace e las t ic ~a v e v
In the past , It was widely believed that these require— is not easil y r.ie as u iv d , an d is probabl y less than i JE
ments were too difficult to meet in practical device attenuation o ver  a 3 cm path length. Tre shv:’e ana
fabricat ion , and out-of-the-question for large scale size of the 7ostv is very in:~orta ri t , and to achieve

t manufacture . This belief , in tur n , led to a general consistency consicer a ble care rrust be ev e rc i sed  in the
preference for monol ithic devices and the use of photolithograp h, and ~cr beam etching.
deposited semiconductor thin films , Indeed , the
separated medium acoustoelectric device , insofar as Photo1i tt.ovri ~hj
it Involve s a non-planar technology, runs counter to — -  -

the general trend in device fabrication over the last The posts are produced by the fo1 l~~ ing St t ,~S :
decade. The separated medium device , however, permits
one to independently choose the optimum semiconductor 1. The L1Nb 0~ surface is coated ~~tr ato t
and the optimum piezoelectric, and this advantage far 1 cm thickness of AZl350 J. photore sist.
Outwei ghs the disadvantage of developing special non-
planar fabrication and assembly techniques. In this 2. This is toe : exposed except  fur a region
paper , we describe the techniques that have been de- somewhat larger than the desired inter .
veloped for making gap-coupled devices. These 4ppear action region , and the resist is deve icp e i .
to be reliable and adaptable to widespread application.

3. The post pa ttern is exposed anc developed .

4 . The entire substrate is ion beam etched ,Figure 1 depicts a cross-sect ion through an
assembled silicon-on-LiNbO , gap-coupled device. The thereby leaving posts in relief.
semiconductor Is held away from the LiNbO 3 by means of
“osts which extend up from, and are part of, the LiNbO 3 In order to produce well defined posts of correct

surface ’. The semiconductor is pressed down on the cross section , the pnotores ist rust be exposed .~it t

posts by means of a soft plastic pillow . The function the photornask in i rt iv ate cuntact. If this is n3t
of the pillow is to take out the curvature of the done , and there it a ‘m ite air gap, the diffraction
silicon , and insure that the silicon contacts the ~~~~ 

which occurs m n this qap will very quickl y destroy the

over the entire interaction length , while at the same pattern . This will in fact occur more readil y for a
time minimizing any variation in pressure. The pillow post pattern than for a parallel grating geometry

also serves to prevent the silicon from sliding patter n . Moreover, because the post pattern mask is

relative to the LiNbO 3 substrate . The pressure that transparent in gq .8~ of its area , backscattering of
the pillow applies is not known in absolute terms . light is an important consideration and can lead to
However , the distance that the silicon is pressed into exposure diff~cjlt~es. We have round that conformable
the pillow is directly measured and this is, in effect, photonask lit hography ‘“ using the instrumentation

described in is ~ ll suited to post patternan operational calibrat ion. From experience , one can exposure. The platform on wh ic h the crystal is mounteudeterm i ne the minimum amount of compression needed to during exposure is black ened in order to eliminate theachieve a uniform gap and mechanical stability , the li ght backscatter problem .range of compression that can be safely used , and the
amount of compression that causes fracture of the posts. Ion beam etching of the post pattern is straight-

forward . Techniques have been described elsewhere
In the acoustoelectr ic amplifier developed by ‘~~~‘‘~~~. Ion bear etching in argon alters the

Ralston ~~, the semiconductor is thin film silicon on stoichiometry of the LiNbO , within about 100 of the
a 4 cm diameter sapphire wafer. The silicon is pressed surface. This material is removed in an HF: ht.0, a d o
onto the 11NbO~ by means of air pressure applied be- etch. A~ternat1 vel y, Ion beam etching in a part ia l
hind the sapphire wafer as Illustrated In Figure 2. pressure of oxygen can be used’.
The air pressure performs the same function as the
plastic pillow . Pressure uniformity Is a natural The processes for preparing tote semiconductor
consequence, and absolute calibration Is possible. components of a gap coupled device vary greatly f ror
Pressures up to one atmosphere can be safely applied one device to the next , and it is not possible to
without damaging the posts. Figure 3 is a photograph describe these here. The most coiTmion configuration hv~of the amplifier package. been a thin stri p of silicon about 4 cm long, 1 m

wide and 1/4 xis thick , with wires bonded to the back
~ This work was spons~?e~ by the Department of the side. It is helpful if the front surface of the

A rmy . s i l i con  is covered by a oxide to protect It from damage
1975 UltrasonIcs Symposium Proceedings , IEEE Cat. #75 during bonding handling, etc. This oxide can be
CHO 994-4SU. removed just prior to assembly.
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Cleaning and Assembly In the past , the major dif ficulty with gap coupled
devices has always been dust particles. If they are

During the bonding and mounting of the delay line, present in the interact ion region , a uniform gap canno t
a considerable amount of contaminat ion, primarily dust be obtained , and efforts to assemble a device under such
particles , unavoidably collects on its surface . These clrcumstance~ usually result In damage to the component
will , of course , prevent one from achieving a un ll~orm parts and less than uni f nm performance. On the other
gap. Conventiona l substrate washing and ultrasonic hand , If dust par ticles are removed from the interaction
cleaning procedures are ineffective once a device is region, if the posts ire all present , and if the two
mounted in its package. However , contaminants need be parts are free of ex .r 1e curvature , it is difficult
removed Onl y from the region that will face the semi- to fail to achieve a u’ iform gap.
conductor . For such selective cleanup we found that
contaminants are very effectively removed by capturing A:knowledgensents
them in a plastic coating , and then peeling the coating
after it has dried and hardened. In these ef for ts to develop re l ia t le  techni qu es for

making gap-coup lei acoustoe lectric devices R. Slattery
Spec ificall y, the surface is coated with collodlan prov ided the es sert ial technical assistance. E. Stern

(in 24% alcohol), while at the same time rubbing the contributed the idea of the posts .
surface with a swab to Insure a thorough wetting by the
collodian . A second layer of col lodian is then put on, References
followed by a strip of fine silk-screen cloth (33 lines
per cm) followed by two or three more layers of I . .3. N. Smith , E. Stern , A. Bers and .3. Cafarella ,
coilodian . Once the collodian is dry , It can be removed “Surf-ice acoustoelectric convolver s ’ , 1973 ~~~~by peeling back the silk cloth. In many cases , the sonics Symposium Proceedings, New York: IEEE
peeling back occurs spontaneousl y. It appears that this 1973, pp.
cleaning procedure thoroughly removes all traces of
contaminants that would otherwise interfere wi th a 2. R. W. Ralston , “Stable CW operation of gap-coupled
uniform gap. Silicon-on-sapphire to LiNbO , acoustoelect rlc

amplifiers ’ , these Proceedings.
The semiconductor slab is mounted on the plastic

p illow Shown in Fig , I. If there i~ a protective 3. H. I. Smith , Frank .3. Backner and N. Efremow ,
oxide on the front surface of the slab this is removed ‘A  high-y ield photo lithographic technique for surface
just prior to mounting. A clean optical flat is then wave devices ” , .3. Electrochem Soc., vol . 118 , pp.
pressed against the mounted slab , and the contact 821-825, May 1971.
region inspected for the presence of any dust particles
or chips along the edges of the slab. If such are 4. H. I. Smith , Fabrication techniques for surface-
present, they are readily removed by the plastic cottIng acoustic-wave and thi n film optical devices ” ,
method described above. If the slab Is very narrow Proc. IEEE , Vol . 62, pp. 1361-1387 , Oct. 1974.
(-1 ret) it is usually convenient to omi t the silk
cloth , as this tends to cause plastic to also coat the 5. H. I. Smith . N. Efrernow , and P. L . Kelly, ‘Ph oto-
cidewal l s and underside of the slab. Cleaning by the lithographic contact printing of 4000 ~ linew idthplastic coating method is particularl y useful on , ,, patterns ’, .3. Electrochem . Soc., vol. 121 ,
silicon slabs that have arrays of Schottky diodes ‘ pp. 1503—1506, Nov. ‘974 .
or other structures of their surfaces. The
processing and handling involved in producing suCh 6. ,J. Melnga ilis , H. I. Smith and N. Efremow, “Instru-
structures, and especiall y the cuttIng into narrow mentation for conformabl e photomask lithography ” ,
slabs , generall y leaves a large amount of contamination IEEE Trans . Electron Devices, vol . (022, pp.
on the surface, and this contamination tends to cling 496—498, July, 1975.
to such non-smooth surfaces . The plastic tends to
follow the surface relief structure thereby encapsulating 7. H. r. Smith , R. C. Williamson and W. T. Brogan ,
the dust particles. The technique of plastic coating Ion beam etching of reflective array filters ” ,
and peeling has been used for many years to cast 1972 Ultrasonics Symposium Proceed t~ i, New York:
replicas of surfaces , and such replicas have been J~ff~~97 , pp. 1 98-201 .
shown by electron microscopy to replicate surface
features of the order of 50 fl in sIze. 8. H. I. Smith , J. Melnga llis , R. C. Williamson and

W. T. Brogan , “Ion beam etching of surface gratings~Inspection of the semiconductor slab by pressing 1973 Ultrasonics Symposium Proceed ings, New York:
against an optical flat and observing the interference 1973, pp. 558-561.
fringes affords one an opportunity to reject slabs if
they have ex treme curvature , are twisted , or have 9. K. A. Ingebrigt sen and E. Stern , “Coherent Inte-
surface defects. On the semiconductor mounting gration and correlation in a modified acousto-
fixtures used In thts laboratory there are reference electric memory correlator ’ , Appl . Phys. Lett.,
surfaces against which the optical flat can be pressed. vol. 27, pp. 170-172 , Aug., 1975.
Th is requires some compression of the RTV pillow . The
amount of compression can be directly measured by 10. K. I. Ingebrlgtsen and E. Stern , Holographicmeans of a dial indicator. This together wi th the storage of acoustic surface waves with Schottkyknown dimensions of the package and thickness of the diode arrays ” , these Proceedings .delay line permits one to calculate the amount of
compression there will be In the assembled gap-coupled
acoustoelectrlc device . Such precise measurements
are essential in order to achieve a stable gap without
damage to the posts.

Once the two parts of the acoustoelectric device
are cleaned and inspected , they are aligned and
assembled in a clean bench environment. ThIs part of
the procedure is straightforward .
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Fig. 3 Photograph of the acoustoe lectric amplif ier
structure i 1l ~~ trated schematically In

FIg. 1 Schematic cross-section through an assembled Fir 2
silicon-on-LiMbO 2 gap-coupled acoustoelectric - .

device. The silicon s lab is held away from
the LiNbO 2 by means of posts which extend
up from the L IMbO , surface. A soft plast i c —

pillow presses the silicon onto the posts to .!~~~ I1 *
achieve gap uniform i ty .
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FIg. 2 Schemat ic lengthwise cross-section through
the acoustoelectric amplifier develo ped by
Ralston 2 . The si li con-to-L INbO , gap is
mainta ined by means of po sts extend ing sip .
from the LiNb O , surface. Air pressure is
appl i ed to press the silIcon onto the posts.
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Inspecting Assembling Packaging
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The technjques recendy developed for fabricating , inspec ting , assembl i ng and
packagIng silIcon-on-LiNbO~’.coustoelectric devl~ ns , such as amplifiers , co rvo lxer s and ~eTsorycorrelators, will be presented . This will ind uce: description of the lithographic and ion teem
etching techniques employed in making the spacer posts , demonstration of the techniques used for
eliminating dust and achieving uniform gaps , insp cctlon methods, and sever a l examp les of pack ages .

~ Experience to date indicates tha t the technIques for making gap -coup led structures are reliable ,
P and lend themsel ves to widespread application .
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